It has been 70 years since the initial description of Clostridium difficile and nearly 30 years since the discovery of its role in antibiotic-associated colitis. 1, 2 During the past three decades, we have learned much about this organism, including the function and regulation of its principal toxins, A and B, and their role in disease, ranging from the relatively mild forms of pseudomembranous colitis to severe toxic megacolon, sepsis, and even death. 3, 4 We also have begun to appreciate the function of the host's immune system in the prevention of and recovery from C. difficile-associated disease (CDAD) and in the prevention of recurrent disease. 5, 6 The role of C. difficile spores, which can contaminate the patient care environment, fomites, and the hands of healthcare workers, in transmission of disease in healthcare settings is now becoming clear. [7] [8] [9] Finally, it appears likely that the use of particular antimicrobials directed at other pathogens, coupled with intrinsic or acquired resistance in C. difficile, may play an important role in epidemic hospital outbreaks. 10 Despite these advances, we now face what appears to be a new threat from this old enemy. According to the results of one recent national survey, nearly 40% of U.S. infectious disease physicians have perceived an increase in the incidence of CDAD during the past 1 to 2 years alone. 11 Further, growing evidence suggests that the severity of CDAD is increasing. [11] [12] [13] There are several possible explanations for the changing epidemiology of CDAD. These include changes in antimicrobial use or other drug prescribing, changes in infection control practices, or the emergence of a new strain with increased virulence, antimicrobial resistance, or both.
The Centers for Disease Control and Prevention (CDC) recently described a novel strain of C. difficile that possesses both unique putative virulence factors and increased resistance to the fluoroquinolones; either may provide this strain with selective advantages over other strains. 14, 15 This strain was associated with CDAD outbreaks in seven hospitals in six states (Georgia, Illinois, Maine, New Jersey, Oregon, and Pennsylvania) with onset dates during 2001 to 2004. Since this report, we have identified outbreaks of this strain in four additional states (Connecticut, Florida, Massachusetts, and Ohio). My CDC colleagues, Dr. George Killgore and Ms. Angie Thompson, shared in the initial characterization of this U.S. epidemic strain and they have, together with domestic and international collaborators, determined this to be the same strain as that causing outbreaks in Quebec, Canada, 16, 17 and, more recently, England. 18 The first step in responding to this new threat is to further our knowledge about CDAD; four articles in this issue of Infection Control and Healthcare Epidemiology have been written specifically to this end. [19] [20] [21] [22] In the first of these, Sohn et al. 19 report on varying CDAD rates and surveillance methods among seven tertiary hospitals (ie, the Prevention Epicenter Hospitals). Next, Palmore et al. 20 report on the risk factors for CDAD among outpatients at a cancer hospital. In the third article, Modena et al. 21 describe antimicrobial use and other risk factors for CDAD among hospitalized patients during a recent 1-year period. Finally, Rexach et al. 22 report on a spatial and temporal analysis of CDAD transmission in a pediatric hospital during the late 1990s.
Our first response to the growing threat of CDAD in North American hospitals is to improve surveillance. Sohn et al. detail the challenges to establishing a highly reliable surveillance system. 19 A recent report of CDAD surveillance from the National Nosocomial Infections Surveillance (NNIS) System indicated a significant increase in rates among intensive care unit (ICU) patients in larger hospitals (ie, > 500 beds) and in hospital-wide rates of CDAD in smaller hospitals (ie, < 250 beds) between 1987 and 2001. 23 In contrast, Sohn et al. report no significant increase during 2000 to 2003. 19 However, their mean hospital-wide rate (12.1 cases per 10,000 patient-days or 7.4 per 1,000 admissions) is more than twice the rate reported from ICUs of teaching hospitals in the NNIS System during 1987 to 2001 (ie, 5.1 per 10,000 patient-days) and nearly six times the hospitalwide rate of teaching hospitals during the same period (ie, 1.3 per 1,000 admissions). 19, 23 The CDC also reported a relative increase of more than 50% in the proportion of discharges with International Classification of Diseases, 9th revision (ICD-9)-coded diagnoses of CDAD during 2000 and 2002 among all non-federal U.S. acute care hospitals. 24 Similar increases in both ICD-9-coded discharge diagnoses and positive laboratory test results for CDAD were recently reported from Veterans Affairs hospitals across the United States. 25 However, what was more important from the report of Sohn et al. was the major variation in surveillance case definitions and reported sensitivity and specificity of laboratory tests used by the Prevention Epicenter Hospitals. 19 First, regarding surveillance case definitions, there was variation in whether hospitals considered CDAD as healthcare associated when patients recently discharged from a healthcare facility experienced community-onset disease. There was also variation in how recurrent cases were counted. Second, regarding laboratory testing, a common assumption is that use of a less sensitive laboratory test will bias CDAD rates to appear lower than they really are. However, this could in fact increase rates as insensitive tests may delay diagnosis and implementation of infection control precautions and thus allow continued spread of disease. This suggests that laboratories, while considering turnaround time, should use the most sensitive test available. Unfortunately, even the tissue cytotoxin assay, long held as the gold standard for CDAD diagnosis, may miss almost one-third of patients with C. difficile infection. 26 These patients characteristically have lower numbers of toxinogenic organism recovered on stool culture. It may be that an important step in our battle to control C. difficile transmission will be the development of more sensitive and rapid diagnostic tests to detect these cases.
Palmore et al. address the issue of how patients with healthcare-associated CDAD may frequently not develop symptoms until after they are discharged; they found that 19% of cases acquired in a cancer hospital manifested in this way. 20 Because these patients spent more time as inpatients during the previous 2 months than did control-patients, it is likely that disease-causing organisms were acquired within the hospital. These investigators also report prolonged median intervals between disease onset and last hospital discharge (20.3 days, with a range up to 60 days-which was the limit of their look-back period) and completion of most recent antibiotic therapy (16.5 days, with a range up to 49 days). 21 Although the official "incubation period" of C. difficile is unknown, diarrhea typically has its onset while the patient is still receiving antimicrobial therapy. However, based on communications with infection control personnel at hospitals experiencing recent outbreaks, it seems that delayed disease manifestation may be either more common than previously thought or at least increasing in frequency. Delays of up to 6 or more weeks following cessation of antimicrobial therapy to onset of diarrhea have been previously reported. 27 Modena et al. highlight methodologic issues for performing epidemiologic investigations of healthcare-associated CDAD. 21 Investigations of outbreaks often entail a case-control study to determine specific antimicrobial risk factors because restriction of specific antimicrobial agents associated with cases is an effective means of bringing at least some outbreaks under control. 9, 10, 28 The approach of Modena et al. in selecting control-patients from only those inpatients who received antimicrobial agents makes sense as virtually all healthcare-associated CDAD cases are associated with some type of antimicrobial exposure. 21 These authors take an additional step to design a "purer" study of healthcare-associated disease by excluding all case-patients with less than 5 days of antimicrobial exposure prior to CDAD onset and all control-patients with less than 5 days of total antimicrobial exposure. On the basis of the report by Palmore et al., 20 we assume that Modena et al. may have excluded a large proportion of cases in which C. difficile was likely transmitted within the healthcare setting but manifested either outside the hospital or during the first few days of antimicrobial therapy within the hospital. 21 Modena et al. may have also inadvertently biased their results by excluding from analysis CDAD cases precipitated by antimicrobials that more efficiently select for C. difficile and therefore manifest with symptomatic disease in less than 5 days. Comparing antimicrobial exposures in cases with onset of symptoms within 5 days with cases with onset after 5 days could detect such a bias.
In neither the Palmore et al. or the Modena et al. study were cases of CDAD independently associated with fluoroquinolone use. 20, 21 This is in contrast to recent reports of outbreaks of the epidemic strain, which is fluoroquinolone resistant. 28, 29 The antimicrobial agents associated with CDAD in the study by Palmore et al. (ie, clindamycin and third-generation cephalosporins) have been frequently identified in other studies. 9, 20, 27 The apparent protective effect of the macrolides found by Modena et al. is novel, but may reflect confounding with another unmeasured variable. 21 For example, it does not appear that the ward in which the patient resided was analyzed in their study. If CDAD rates varied markedly by ward, the "colonization" pressure (ie, increased risk posed by having many nearby patients who could serve as a source in transmission) may have skewed the data; macrolide use could also vary by ward, making it appear associated with CDAD when in fact colonization pressure was the true risk factor.
Rexach et al. measured the use of cluster analy-August 2005 sis, or looking for temporal-spatial associations between cases, against DNA fingerprinting for estimating the likelihood of C. difficile transmission. 22 Although they found that cluster analysis had minimal use in this regard, their study was limited by the absence of cultures performed on patient admission and the reliance on stool samples sent to the microbiology laboratory for other reasons, resulting in only 58% of the study population being sampled. One presumes that most patients had diarrhea at the time their stool sample was collected. This could explain the relatively high rate of C. difficile recovery from samples (67 of 256; 26%), even though 40% of C. difficile isolates were nontoxigenic. Some children in this study may have been admitted to the hospital with unrelated strains of C. difficile but by chance developed diarrhea around the same time and on the same ward as another colonized or diseased child. 22 In addition, some of the 42% of children who were never cultured may have become colonized and served as intermediate hosts in transmission. Children in a pediatric hospital are much more likely to have contact with one another in common play areas, leading to isolates with matching DNA patterns despite the fact that they are housed in separate parts of the hospital. Finally, the authors suggest that transmission may occur weeks or months later via contamination of the patient care environment with spores.
The potential of C. difficile to be transmitted by such varied means points to the need for additional research into how this pathogen is transmitted most commonly. For example, just how important are asymptomatic, colonized individuals in nosocomial transmission? Or, how commonly do spores that have persisted in the environment for weeks or months lead to transmission? However, given the recognition of an international epidemic of C. difficile, we in the infection control community cannot wait until these and other questions are answered to take action in controlling CDAD.
All hospitals should begin to conduct surveillance and track CDAD case rates if they have not been doing so already. There is currently no standardized surveillance case definition that accounts for all issues raised by these reports 19, 20 ; however, the CDC is working toward the development of such a definition. As part of this process, consideration should be given to community-onset disease or disease onset within 48 hours of readmission, providing that the patient has been recently discharged within some time period-this may need to be extended to as long as 3 months rather than the few days to 2 months used in several of the Prevention Epicenter Hospitals. The minimum asymptomatic period off therapy that is predictive of a new infection (vs recrudescence of prior infection) is unknown and determining whether patients are asymptomatic off therapy may significantly increase the workload of CDAD surveillance at most hospitals. Therefore, the primary focus of a case definition should be on initial CDAD cases. Hospitals inexperienced in CDAD surveillance may be able to detect changes in healthcare-associated disease simply by tracking the number of first positive C. difficile labora-tory test results from samples obtained 48 hours or more following admission.
Especially if an increase in rates is noted, clinical outcomes among patients with CDAD should be monitored. If cases appear more severe, special consideration should be given to early diagnosis and treatment of patients. Strict infection control measures including contact precautions should be instituted for all patients with CDAD. 30 Because alcohol is ineffective in killing C. difficile spores, healthcare workers at a facility experiencing an outbreak should wash their hands using soap and water rather than alcohol-based waterless sanitizers when caring for CDAD patients. 31 Details concerning this and other recommendations, such as enhanced environmental cleaning using dilute bleach to eliminate spores, can be found at the CDC web site (www. cdc.gov/nciod/hip).
As the infection control community around the world responds to this new threat from C. difficile, the four reports in this issue of Infection Control and Hospital Epidemiology serve an important function, if not in answering all of our questions, then at least in helping us to frame our questions.
